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INTRODUCTION

o ——— A AT s ¥

Object

To develop an improved coavers
primer developed i Phaze I of i contract. The coatlng, when applied to
2219-T87 aluminium 2iicy sheet spatimens, 6% x L¥ x 1/16%, should satisfactorily
withstand testing Ir a sali svra/ atmosphere for L00-600 hours. This con=-

}.J.

on coating for use with the white paint
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pe

versicn coa+1r9 ~n.' tte zame general characteristics as specified
in MIL=C=35.7 5 T a;-bie with 1fquid oxygen, when tested

accordi ng o M:ﬁ_

Recgpitulasici -1 A

In the oril & it beﬂame apparent that most of the
attempts to ur- g rom ion coatings had concentrated on the coate
ing solutiexn I v refere describe variations in coating formlations
which lead 4o Improvsmenis In ccrrosion res istanﬂcl 9However, despite the
large amount of effsrs swpended, there is still no solution which will
adequately protect 2219 aliasy,

ded to study other aspects of the coating process,

According azid
ttentlon, as follcwss

1y
which have rorel

. It i3 well~known in the art
ﬁ tlaning of the surface prior to coat-
% oon thae proper ties of the coating. Since

1.

Ry

; ra3poasible for the poor corrosion re=-
sistance of 22 19 allqy, the surface was treated with reagents which
could be expzcted itc remove copper preferentially from the surface,
thus reducing the surface copper content. Alloys, such as 202l,

with oopper contents of lL.5%, compared to 6% for 2219, can be
adequately protected with existing chromate treatments.

Using specific reaegents to remove harmful surface
micro-constituents is a not uncommon practice; e.ge the use of
hydrefinoriz acid to remove silizd prior to anodizing aigh-silicon
allnyz e

Ce Application of a thin mefallic coating to the alloy surface
P

by an =lactrolass process, either instead of, or prior to, a

suilanlz convarslion coatling.

ul-
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Testing of modified conversion coating solutions which have
proved effective for other copper - containing alloys, such as 202k,
The essential constituents of "amorphous chromate" coating
sclutions - the most effective for protecting the high streneth
all:y* -

re¢ a hexavalent chromium comnound, 3 fluoride, and an
uzh as ferro - or ferrl « cyanide, in anm aclid (nsually
",;_uq In addition; many acoitives sucp as zinc and 1
"o Lexavalent molybdenum and tungsten”’, chloride ion™~
y2 ceen reported to improve the performance of these

- v in which this is achieved is not generally un-
veral modifications of a standard chromate coating

o 2219 ailcye.

Invesiization of the possibility of post-treating the applied
chemical fiim In order to seal or insolubilize it and thus render
i% more elfective for protecting the alloy. Such sealing is common

prachtice with arodized films; and metEﬁds have been described for
cther wrpes ~f conversion coating,

Cf the four approaches outlined, no. 1 seemed most 1likely,
after scme prelimirary work, to lead to significant improvements in
corrcsion resistance, A metallic coating, as described under
approash nae - would be heavy and does not have the general
chara-iteristi~s of a coating conferming to Military Specification
MIl=laZl™ 4, Accordingiy, little work was done under this
approath,




DISCUSSION OF RESULTS

Approach Number 1

A large number of reagents which could be expected to deplete the
alloy surface of copper were investigated. Among these were solutions
of: nitric acid; ammonium persulfate—”; mercuric chloride; -mmoniaj
bromine; ferric ck oride; cuprous chloride*”; chromic acid*";
hydrogen peroxide-®; sodium sulfide/sulfur, fcllowed by treaatment with
potassium cyanide'®, Also examined was ammonium fluoride which is
reported to passivate an aluminium surfacel7.

Severzl of these reagents could not be used because they had an
etching or pitting action on the alloy surface., Those reagents which
would rapidly dissolve copper aluminide (the intermetallic in which most
of the copper is present in the alloy), without having a deleterious
effect on the surface of 2219 alloy itself, were used to pre-treat
2219 allov vanels. which were then conversion - coated by the
Iridite 1h-2 process.. Panels were exposed to salt - spray and the
number of hours to pitting recorded.

This preliminary, qualitative work indicated that panels treated
with acidic solutions of hydrogen peroxide or ammonium persulfate
gave a substantial improvement in corrosion resistance, compared to
panels not so pre-treated. A niiric acid solution of ammonium fluoride
gave a small improvement,

An optimum pre-treatment and coating system was selected by
comparing hydrogen -eroxide and ammonium persulfate, at twc cone
centration levels, and other system variables, using a thirty-two
panel, fractional - factorial experimental design.
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Water Rinse
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3 Minutes
5 6
Water Rinse —., | Hydrogen Peroxide, 30%
Room Temperature 3 pts/gal
Nitric Acidy LO Be
1.Lh ozs/gal
Room Temperature, 1Min
8 9
Iridite 1L-2 — Water Rinse
Al<Coat. - Room Temperature
2,25 ozs/ gal
100°F, 30 seconds
11
- Air Dry




Discussion of kesults

This process consists of the Iridite 1L-2 process, with insertion of
the acidic hydrcpen peroxide pre-treatment., No explanation is offered
of the way in which this solution medifies the surface so as to render
the chromate conversion coating more effective,

Apprcach Number =

Az meriicred sbovs, LIitle work was done using this approach.

Approach Nunter =

~e

Mecwy mellii~gtions of chromate conversion coatings have been claimed
to give enhance3d corrosion resistance, However, there are few references
to the protection of 221% ailioy with such solutions. Therefore, several
such solutions were appiled to 2219 alloy and salt-spray tested using
Iridite 1L-2 as centrol.

I% is know that different metal cations h§v$ T@rkad effects on the
corrosion resistance o oriversion coatings.3’ s ls+2e Conversion coatings
were prepsred, containing small amounts of nickelous, cobaltous and zuprice
salts, and applled %o 2719 allicy. On exposure to sal% spray, these

panels corrcde’ siightl+ mere slowly than panels protected with Iridite 14-2,

In ancther panel sarlies; the effect of replacing varying amounts of
hexavaient chromium with haxavalent Molybdenum was tried. Under salt spray,
the performance of these modified coatings was inferior to that of Iridite 1L4-2,

No other medified conversion coatings gave significant_ improyements over
Iridite 1li-2 and even in the case of coatings containing Ni‘*, Co“*, and Cu
ions, the improvements were less marked than those obtained from the use
of the pre~treatments described under Approach 1,

An jinterestinrg observation was that coating solutions containing substantial
amounts of chlorlide ion® had a delaterious effect on the alloy, causing pitting
while in the processing taith, Similar effects were observed in the case of
other chloride - containing solutions, It appears that chloride ion is
particularly harmful to this class of alloy and this is further evidennsd
by the poor resistance to corrosion in salt = laden atmospheres,



Discussion of Rerults

1

EE roach Numher j;

i &‘_"";[w“T"*H aopec rsion conting £i0m ds

3
~

A fre Wy suol & el of complex
compesitior,  Tooalludaw sulutle species, such as hexavalent chromium,
which are 7--. ngd rov under sals spray, thus diminishing the protective value,
- If the costirg wsre poctetrea cd with a2 heavy metal solutiocn, so as toc
produce an cuier lager of Inssivble, heavy metal chromate; the rate at
which c¢hromate is leached frox the cceting might be cxpscied to be reduced,

2219 alloy panels, freshly coated with Iridite 1L4-2? conversion coating,
were treated with cerle ammeonlium nitrate solution, Under salt spray, these
panels corruded more slow;y tiian panelis not so post-treated, but the
difference was very smail,
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EVALUATION OF RESULTS

Since the standard deviations obtained from salt spray test
data are large, only large differences between the times-teo-corrode
of test and rontrol panels czn be taken as significant in a single
comparlsion test, For ibie reascn on¢y'&pprcac“ 2 was ccnsidered
to have given, in prelimirary =
worth ooy .

+*re results of preiiminar Y W work under
oy mesns of a suani;t:~ﬂ' 1y cesi gred &y
sorviusion that a suitable chemic

rV improves the pﬁrfornanve of a sub—
ien ceating.

(’z

The predlchad ot for the oplirmm
coating schedulie Is ¢ hr~c«* iife required
by MIL-C-5541 SIgges ss could be made
the means of sg isf aziorily protecting 2219 allioy; according
4o the requirements of MIL-C=554] A,



EX FERIMENTAL

Preparation of Treaiment Salutions
P

Te~tntc~al grade cnemicals wers used whare availabie, In a faw cases
reagent grade wzs Lsed Sclutions were made uv in tap water, exzept in the
final, statistizal experiment, where distilled water was used.

Tridtta 142 Al-Coat suppllesd by Allied Ressarch Products Inec,; and used
threugnout as colsrcl. Siimtions were prepared 1n the manner recommended by
the zuppliler,

"y 4" x 1/16" were furnished by N.A.S.A.

2019=~T87 alley panais, ©
of glass, polyebthylene or stainless steel, of 1-2

ANeLS
They wers treat 4 in Datns
iiter= capaciiz,

Coated panelis ware exrrsed in a sali spray cabinet;, under the conditions
specified in Method £12,7 -f Federal Test Method Standard No, 15la, In
the preliminary work, pana4o were expcsed for a pariod, usually 168 hours

and the extent of zerrosion sompars? with that on the control pansls. .

This gave a direst sem’ aq“a-ti atiﬂs measure of relative rates of corrosion
for test and control coatings,.

In the Zater werk, ‘he methed a3 reguired by N.A.S.A. was followed,
Panels were examined dailly and washed with distilled water prior to inspection,
They were reiirad when three def’n**e pits had appeared cn the significant
surface, This critericn of fallurs proved to be diffisult to use, since it
is often difficulit to dist inguish develop;ng pits from the black streaks which
always appear after a faw hours undsr salt sprav. Alsc the sienificant
surface may erupt in & vash of minmube pits, making 1% di ff*cUT* to estimate
when the coating should be said tc have faiied. These factors contribute to
the large standard deviation, mentioned above, of 3l hours,

10X -~ Compatibility Testing

2219-T87 specimens, 1,/16" x 11/16" dia., were furnished by N.A.S.A.,
coated by the procedure deacribed above for pansls, and submitted to
N.A.S.A. for testing,



